Abstract. In the field of metal cutting a very important parameter is the chip formation zone, where the workpiece, the cutting tool and the chip are in contact. The transient processes inside this zone decisively define the properties of the workpieces near surface zone, e.g. residual stress distribution or the local microstructure. With the development of a special designed turning device we established a methodology to gain insight into the chip formation zone of a workpiece during the turning process with high spatial and temporal resolution. Using the dedicated device we were able to access the strain evolution during a cutting process of aluminum alloy AW-5754 with a measuring rate of 10 Hz inside the chip formation zone.
Introduction
Surface integrity is an important factor for service behaviour of machined workpieces, which is influenced by the chosen cutting parameters and by the tool wear. In this regard the residual stresses, surface quality and the local microstructure are essential parameters for the assessment. For low carbon steels and aluminium alloys built-up edge (BUE) formation is often observed on the rake face of the cutting tool, in particular in the low cutting speed regime and for example in micro machining. Due to the BUE the effect of cutting is displaced from the initial cutting edge towards the cutting edge of the BUE. For the cutting tool the adhering stagnant layers are very important for the wear behaviour. We recently found that the BUE can act as a protective layer and can improve the wear behaviour and thus the tool lifetime. Further, we found that because of detoriation of the surface roughness due to partial breaking of particles off the BUE, surface texturing of the cutting tool can be used to stabilise the BUE [1] . However, the fundamental relationships for BUE formation are not well-understood. In particular these transient processes hamper the prediction of chip forming operations by means of finite element simulations. A valuable step towards an improved process comprehension and for the sustainable improvement of simulation models for proper process prediction can be made if one succeeds in gaining real time insights in chip forming processing using technical relevant machining parameters. A vital tool in this regard is the application of synchrotron X-ray diffraction to monitor the microstructure and strain evolution in the chip formation zone with high temporal resolution. Having knowledge of these highly time-dependent evolutions allow for both, gaining knowledge about the mechanisms during machining in this zone, like local strain formation and texture development, which can further be used to optimize cutting processes, and process simulation through direct validation of simulations with real-time data from local synchrotron X-ray diffraction experiments. Up to know, there have not been a lot of investigations in the field of chip formation mechanism and the complex thermo-mechanical processes during cutting. First results in the field of in-situ cutting were presented by Uhlmann [2] and later by Brömmelhoff [3] analyzing the stress state, the local texture and the microstructure in the shear zone during orthogonal cutting. However, the temporal resolved data were recorded in the very low cutting speed regime, while the chosen process parameters are far from conventional used cutting parameters (e.g. cutting speed etc.) Here, we report on the establishment of a methodology to get an insight into the chip-toolworkpiece contact zone with high spatial and temporal resolution for cutting conditions near to conventionally used cutting parameters for orthogonal cutting. Angular dispersive high energy synchrotron X-ray diffraction in transmission geometry was performed at beamline P07B@Petra III during turning of aluminium alloy Al-Mg3 (AW-5754) using a specially designed turning rig in the cutting speed regime between 36 -200 mm/min, which are cutting conditions that are prone to BUE formation.
Experimental
Orthogonal cutting was realized on hollow cylindrical samples made of Al-Mg3 (AW-5754) with a wall thickness of 2 mm, see Fig. 1 for dimension, which were completely turned off using a turning device that was specifically designed for this purpose (see Fig. 2 left) . The turning rig was adjusted in the synchrotron radiation beam at P07B@PETRAIII at the German Electron Synchrotron in Hamburg, Germany. The device was specifically built to investigate both, the built-up edges and the chip formation zone. Hence, the tool is mounted at a fixed position and the workpiece realizes the feed [4] . Using this set-up multiple experiments were performed with variations of the cutting speeds v c . A full list of the turning geometries and parameters is given in Table 1 (experiments A-D). As cutting tool we used uncoated cemented carbide inserts with 6 wt.% Co. The hollow cylindrical sample is mounted on the turning lathe with the 50 mm shaft in a three-jaw chuck. clamp mounting type PSSNR2020K15 The device was adjusted in the primary synchrotron radiation beam in such a way that the chip formation zone in the workpiece is irradiated at an inclination angle of 45° to the feed axis, see also Fig. 2 . At P07B@Petra III a fixed photon energy of 87.1 ke = 0.1425 Å) is provided by a single bounce monochromator (SBM). The beam size was set to 0.2 x 0.2 mm 2 for this first approach using a cross slit aperture, while the spot center was placed in a distance of 0.2 x 0.2 mm from the cutting edge towards the hollow cylindrical samples (Fig. 2 right) . For diffraction pattern detection a 2D flat panel detector of type PerkinElmer XRD 1622 was used. By this means diffraction rings of the aluminum lattice planes {111}, {200}, {220} and {311} be explained by a larger decrease of the materials yield strength leading to a higher degree of plastic deformation compared to experiment D.
Summary
Real time monitoring of a turning process was successfully carried out using a special developed turning lathe and high energy synchrotron radiation. Thereby the lattice strain evolutions normal and parallel to the cutting surface inside the chip formation zone were investigated for orthogonal cutting using technical relevant cutting parameters of Al-Mg3 (AW-5754) with a measuring frequency of 10 Hz. From the experimental results determined for multiple diffraction lines {hkl} during machining conclusions of the quality of the machining process and the resulting surface can be derived. The determined lattice strain evolutions clearly indicate changes in the cutting behavior and the chip shape geometry leading to instable cutting processes. The instability induces high temperature increases in the cutting zone, which cause significant plastic deformation especially in the direction normal to the cut surface. As a consequence a split up of the lattice strain courses for different {hkl} planes occurred, which are caused by plastic anisotropy through intergranular strains. The split up effect is a clear indicator for the degree of plastic deformation.
